Introduction
Study of growth and of seasonal changes in composition of leaves of certain western species of oak was undertaken as part of an investigation to determine forage values and certain management phases of the oak associations. An attempt was made to record seasonal changes in the major constituents of the leaves. The results are expressed (1) on a relative basis. namely, that of dry weight and of unit leaf area, respectively, and (2) on an absolute basis of leaf unit. The paper discusses the merits of the two bases for a study of this character.
Methods
Leaf samples were collected from Quercus gambelii Nutt. and Q. keltoggii Newb., both deciduous. Q. gambelii, a scrub form, occupies foothills and low mountains from southwestern Wyoming through Mexico and Arizona (8) , whereas Q. kelloggii (6) is essentially a California species, occurring between elevations of 500 to 8000 feet throughout the length of the state (3) .
Leaf samples of Q. gambeiji were obtained from the same clumps during the entire growing seasons of 1930 and 1931, respectively.1 In addition to this, a series of leaf samples was collected in 1931 from another oak clump located about 1 mile from the first clump. The analytical data pertaining to the samples gathered on the same date from these clumps agreed closely.
The values for the growth rate of Q. gambelii consist of the averages for the corresponding samples from the two selected clumps (table I) . Since no measurements of leaf area were made during the season of 1930, the data in the following tables pertain to samples gathered in 1931 only. These data are believed to be representative, however, since the analytical results obtained from leaf samples collected in 1930 show the same trend as those procured a year later.
Leaf samples of Q. gamnbelii were taken at approximately monthly intervals. The first samples were collected in June, when the leafage had unfolded sufficiently to afford browse for grazing animals. Flowering had been completed and acorns were beginning to form. By September the fruits attained full size, and many were being cast before reaching maturity.
At that time autumn color was still absent in the leaves. By the end of October all the leaves and the acorns had abscissed. The last sample, obtained on October 24, had to be collected from the ground.
Leaf samples of Q. kelloggii were collected during the growing season of 1931, near St. Helena in Napa County, California. The first sample was obtained in July, when the leaves had reached about half of their maximum season's growth. In September the leaves were still green. On December 1, when the last sample was collected, the leaves had turned partially brown, only a portion along the midrib still being green.
The average dry weight and the average area per leaf were determined as follows: leaves in lots of 300 were counted and weighed. Fifty leaves were blue-printed and their area measured with a planimeter. The two sets of leaf samples obtained from the two clumps of Q. gambelii checked closely. The PLANT PHYSIOLOGY respectively, for September and October. In Q. kelloggii a correspolnding increase of 40 per cent. was observed during the first month, compared with a total increase of 27 per cent. during the following two months. There was no further increase in area after September 13. Apparently the stage of growth in Q. kelloggii was somewhat more advanced at the time the experiment was started than was that of Q. gambelii.
A similar trend was also observed in the increase of dry weiglht per leaf. The decrease in weight of the last collected sample of Q. gambelii (October 24) may be attributed either to leaching or to translocation of nutrients from the leaves to the branches. 
Chemical changes
The analytical methods used in this study wvill be published in detail elsewvhere; with slight modification, they were those adopted by the Association of Official Agricultural Chemists.
In PLANT PHYSIOLOGY growth stage than was the corresponding sample of Q. gambelii, as already pointed out.
Toward the end of the rapid growth period, as on July 3 and 19, respectively, there had accumulated in the leaves 73 (83) per cent. of the total of ash taken up during the entire season; 51 (70) per cent. of the ether extract; and 60 (97) per cent. of the nitrogen-free extract. The more advanced leaf development of Q. kelloggii is again reflected in a correspondingly more pronounced accumulation of the various constituents.
It is of interest to note that the entire amount of protein, 97 (100) per cent., and most of the crude fiber, 83 (94) per cent., was already present in the leaf at this early season; whereas relatively little accumulation of ether extract was in evidence. This very rapid accumulation of protein and of some ash constituents during the early period of growth might be attributed, in part at least, to the fact that during this stage of growth nitrogenous compounds, as well as some other constituents, are largely obtained from the storage organs of the plant. Thus BAUER (1), working with one-year-old oak seedlings, has shown that about 60 per cent. of the nitrogen intake of the leaves during early growth is derived from the storage organs. During this period of active growth, leaf area increased at a very rapid rate, as previously pointed out. In Q. kelloggii the growth rate was virtually equal to that of the accumulation of nitrogen in the leaves. But in Q. gambelii leaf expansion proceeded at a more rapid rate than did that of protein accumulation, thus resulting in a decrease of crude protein per leaf area.
(Compare crude protein for June 11 and July 3, table III and fig. 3.) CRUDE FIBER.-The behavior of crude fiber, which can be regarded as a measure of ligno-cellulose, resembles that of protein inasmuch as most of it is accumulated during the stage of active growth; but the rate of accumulation is much more rapid, and even exceeds that of leaf expansion. This is reflected by increase of crude fiber per unit area of 52 per cent. in Q. gambelii and of 13 per cent. in Q. kelloggii.
Morphologically, ligno-cellulose is a function of cell division and cell growth. An additional factor which has a bearing on the amount of lignocellulose in the leaves is the development and increase of the fibrovascular system and the lignification of the pedicel of the leaf.
NITROGEN-FREE EXTRACT.-This consists largely of sugars, hemicelluloses, and pectins. The expansion of photosynthetic surface was accompanied by the accumulation of these substances in the leaves. The increase of these constituents in Q. gambelii (Utah) did not quite keep pace with the rate of leaf expansion, whereas in Q. kelloggii (California) its accumulation exceeded the rate of growth.
AsH.-The ash constituents (table II, fig. 2 ), similar to the organic compounds, accumulated rapidly during the period of early growth. During (fig. 4) .
While changes per leaf represent absolute values of accumulation or loss, a comparison of changes on a unit area basis involves two variables, namely, the rate of leaf expansion and the rate of intake of constituents. In Q. gambelii ( fig. 2) there was a rapid accumulation of all elements in the individual leaf when compared on a leaf basis, whereas figure 4 shows that phosphorus, potassium, and even silica decreased in Q. gambelii when plotted on a per unit area. In other words, the rate of intake of these constituents was smaller than the rate of leaf expansion. On the other hand, where there was a slower growth rate, such as in Q. kelloggii, all elements were on the increase during this early period of growth, regardless of whether the data were calculated on the leaf area bases or on the basis of a single leaf.
Similar trends were obtained when the results were reported as percentage of dry weight, for rate of leaf expansion and rate of increase in weight happened to run parallel at this early stage of development. Data are frequently reported in the literature as percentage of weight, seldom on the basis of unit area. It is often difficult to gain a picture of the absolute accumulation of or loss of materials unless a given organ or plant is taken as a basis of reference. The importance of this point in interpretation of the analytical results has been strongly emphasized by WEHMER (9).
PERIOD OF MATURATION
This period covered the months of July and August. It was characterized by a substantially reduced rate of growth and by a slow increase in all constituents. It will be noted ( fig. 1 ) that in Q. kelloggii resorption of nitrogen, and possibly of phosphorus ( fig. 3 ), had already taken place.
In the leaves of Q. gambelii the smallest increase was in protein. Prior to this period most cells had ceased to divide. Enlargement of the leaves was proceeding at a somewhat more rapid rate than was the increase in those constituents. They showed, therefore, an apparent decrease when calculated on a unit area basis. The decrease of crude fiber per unit area was due to the relative increase of the area of the leaf proper, as compared with the veins and stem of the leaf, which are known to be comparatively rich in ligno-cellulose.
During this period (samples collected August 6, September 8 and 13) ether-soluble substances increased at a fairly rapid rate whereas crude fiber and potassium remained practically stationary in both species. Accumulation of nitrogen-free extract almost ceased in Q. kelloggii whereas it continued at a moderate rate in the leaves of Q. gambelii. Silica increased at 748
